
3GPP TSG-RAN WG2 Meeting #123bis
R2-2309768
Xiamen, China, October 09-13, 2023    






 

             

Agenda item:
7.15.4
Source: 
Huawei, HiSilicon

Title: 
Discussion on SL CA enhancements
Document for:
Discussion and Decision

1
Introduction

In RAN#99 meeting, a WID revision [1] for NR sidelink evolution was approved, whereas the objective for SL CA was updated as shown below:
	1. Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]

· Support only LTE sidelink CA features for NR (i.e., SL carrier (re-)selection, synchronization of aggregated carriers, power control for simultaneous sidelink TX, packet duplication)

· The work is limited to intra-band CA for the ITS band in FR1 (Band n47).

· No specific enhancements of Rel-17 sidelink features with sidelink CA support.

· This feature is backwards compatible in the following regards

· A Rel-16/Rel-17 UE can receive Rel-18 sidelink broadcast/groupcast transmissions with CA for the carrier on which it receives PSCCH/PSSCH and transmits the corresponding sidelink HARQ feedback (when SL-HARQ is enabled in SCI)

· Only Mode 2 operation

· Same subcarrier spacing (SCS) among CA carriers to avoid resource selection enhancements and AGC issues

· Time resources for PSFCH are aligned among the carriers for CA

· No enhancement related to SCI transmissions on PSCCH/PSSCH, PSFCH transmission, RSRP feedback, CSI feedback and congestion control compared to Rel-16 (i.e., per-carrier operation)

· SL resource indication remains to be per-resource pool and per-carrier basis (no cross-carrier scheduling in SCI)

· UE transmits SL HARQ feedback on the same carrier on which it receives the associated PSSCH

· No consideration for limited transmission and reception capability

· No primary/secondary carrier differentiation

· Reuse the LTE sidelink CA design for the following aspects:

· Sidelink carrier (re-)selection, synchronization of aggregated carriers, Tx power split for simultaneous sidelink transmissions, packet duplication

· The CA band combination work in RAN4 is limited to intra-band contiguous CA in Rel-18.

· Note: The SL CA work in Rel-18 mainly targets some V2X use cases


In this contribution, we will further discuss some RAN2 specific issues for SL CA, and provide corresponding observations and proposals.
2
Discussion
2.1
QoS flow to carrier mapping
Regarding SA2 reply LS [2], there is a new mechanism that V2X layer indicates the mapping between QoS flow(s) to frequencies other than the mapping between destination(s) to frequencies to AS layer. In RAN2#123 meeting, such issue was discussed however no consensus was reached.
	Proposal 2 (modified): For NR UC SL CA, RAN2 implement the mapping from QoS flow(s) to frequencies from V2X layer. 

[OPPO]: There was no related question in SA2 LS, no need to inform it to SA2. [Session chair]: QoS flow(s) mapping to frequencies is applied to UC only? [Apple]: Yes. [LG, OPPO]: No (different understanding). We should handle this question in general. [Vivo]: Prefer including this question in the reply LS. [Ericsson]: We should inform SA2. [OPPO]: What is the intention to ask that question before RAN2 discuss proposal 3. [OPPO]: We first need to discuss proposal to understand spec. impacts and how it works before agreeing with proposal2. 


Proposal 3: On how to implement the mapping from QoS flows to frequencies for UC SL CA, RAN2 down-select between the following 2 solutions with Table 1 into consideration. 


•
Solution 1: AS layer generates a subset of carriers among all QoS flows (i.e. “allowed SL carriers”) based on all mappings from QoS flows to frequencies from V2X layer.

•
Solution 2: AS layer rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
[OPPO]: This issue is also there for GC/BC. It is better first to see how idle/inactive/OOC UE can work. For idle/inactive/OOC UE, upper layer will properly configure QoS flow to carrier mapping and based on LTE, we will probably have LCP enhancement to not multiplex packets destined to different carriers. So, it could work. [LG]: Solution 1 cannot work if there is no common carrier for multiple QoS flows. For solution 2, it is not clear whether we really need new LCP restriction or not. Legacy LCP may work. [Huawei]: Think that solution 1 would not work and we need time to check for solution 2. [ZTE]: Agree for option 2, we can reuse LTE like LCP. 

· Noted. We will revisit it next meeting. 

P6,7: 7976

Proposal 6
For NR SL Unicast, if the SL TX UE is in RRC_CONNECTED, it can report the mapping information between {Destination L2 ID, distinct PC5 QoS Flows} and frequenc(ies) to its serving gNB. FFS Stage 3 singalling design on the reporting.

Proposal 7
For NR SL Unicast, if the SL TX UE is in RRC_IDLE, RRC_INACTIVE or OOC, FFS the UE behavior on adding or modifying a SLRB so that only PC5 QoS flows associated with the same frequenc(ies) are established for the concerned SLRB.


Regarding solution#1, if the common carrier(s) among all QoS flow is not found, the communication may be suspended. This would be unacceptable and a solution needs to be found for that. Even there is one carrier that is common to all QoS flow, e.g. the carrier used by R16/R17 SL UE, it will cause SL CA gain to be lost since there is only single carrier to be used. Therefore, solution#2 is preferred and we can further discuss how to enable suitable QoS flow to LCH mapping (i.e. QoS flow to SLRB mapping) considering different QoS flows may be associated with different carrier(s).
Observation 1:  With solution#1 above, communication may be suspended or SL CA can’t be applied. 
Proposal 1:  To adopt solution#2, i.e. AS layer relies on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
2.1.1 Carrier mapping for IDLE/INACTIVE/OOC UEs
Regarding the case of IDLE/INACTIVE/OOC, the QoS flow to SLRB mapping is configured via SIB or pre-configuration, i.e. QoS profile to SLRB mapping. Since there is no QoS flow information used by UE at NW side, when UE obtains such SLRB (pre)configuration, multiple QoS flows associated with different carriers may be configured as associated with a single SLRB. As shown in Fig.1., for a specific pair of SRC ID and DST ID, SLRB configuration#1 is associated with QoS flow#1, QoS flow#2 and QoS flow#3. Further, the carriers for QoS flow#1 and QoS flow#3 can be different, and the carriers for QoS flow#1 and QoS flow#2 can be the same.
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Figure. 1 Illustration of QoS flows to SLRB mapping configuration via SIB/per-configuration
Based on the current specs, only one SLRB will be established according to SLRB configuration#1 for one pair of SRC ID and DST ID, and we need to determine the carrier(s) for the SLRB established according to SLRB configuration#1. As shown in Fig.2., to accommodate all the the QoS flows mapped into the SLRB#1, the carrier(s) for SLRB#1 has to be the common carrier(s) among all QoS flows mapped into SLRB#1, i.e. the carrier using f1, which leads to only single carrier can be used for SLRB#1. In this case, SL CA can not be applied for SLRB#1.
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Figure. 2 Illustration of carriers for SLRB 
Observation 2:  In current specs for one pair of SRC ID and DST ID, only one SLRB will be established according to one SLRB configuration. 
Observation 3:  The carrier(s) for one SLRB should be the carrier(s) that are common among all QoS flow(s) mapped into this SLRB. 

Observation 4:  SL CA maybe not applied for one SLRB, if only one single frequency is common among all QoS flow(s) mapped into this SLRB. 
Refer to below further details for SLRB establishment in TS 38.331, the SLRB establishment is triggered by new QoS flow to be included in the SLRB configuration. Therefore, in order to avoid different QoS flows associated with different carrier(s) are mapped into same SLRB, one approach can be to enable establishing multiple SLRBs according to one SLRB configuration for one pair of SRC ID and DST ID. As shown in Fig.3., since there are two QoS flows associated with different carrier(s), i.e. QoS flow#3 with <f1,f3> and QoS flow#1 with <f1,f2>, two SLRBs (i.e. SLRB#1 and SLRB#2) can be established according to SLRB configuration#1, whereas QoS flow#1 and QoS flow#2 are mapped into SLRB#1 and QoS flow#3 are mapped into SLRB#2. With such approach, all there QoS flows can obtain the benefit of SL CA, as both SLRB#1 and SLRB#2 can be transmitted via multiple carriers.
	5.8.9.1a.2.1
Sidelink DRB addition/modification conditions

For NR sidelink communication, a sidelink DRB addition is initiated only in the following cases:

1>
if any sidelink QoS flow is (re)configured by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR and is to be mapped to one sidelink DRB, which is not established; or

1>
if any sidelink QoS flow is (re)configured by RRCReconfigurationSidelink and is to be mapped to a sidelink DRB, which is not established;

For NR sidelink communication, a sidelink DRB modification is initiated only in the following cases:

1>
if any of the sidelink DRB related parameters is changed by sl-ConfigDedicatedNR, SIB12, SidelinkPreconfigNR or RRCReconfigurationSidelink for one sidelink DRB, which is established;




Observation 5:  In current spec, the SLRB establishment is triggered by new QoS flow to be included in the SLRB configuration. 
Observation 6:  All QoS flows can obtain the benefit of SL CA if multiple SLRBs can be established according to one SLRB configuration for one pair of SRC ID and DST ID.
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Figure. 3 Illustration of carriers for SLRB with multiple SLRB established
Therefore, it is suggested to enable to establish multiple SLRBs according to one SLRB configuration for one pair of SRC ID and DST ID, i.e., N SLRBs will be established if there is N QoS flows associated with different carrier(s) that are mapped into same SLRB configuration. It is understood that the impact on the spec(s) would be minor. 
Proposal 2:  It is suggested to adopt option#2 for IDLE/INACTIVE/OOC case:

· Option#1: carrier(s) for SLRB are the carrier(s) that are common among all QoS flow mapped into the SLRB.
· Option#2: N SLRBs will be established if there is N QoS flows associated with different carrier(s) that are mapped into same SLRB configuration, for one pair of SRC ID and DST ID.

2.1.2 Carrier mapping for CONNECTED UEs
For CONNECTED case, if the UE reports QoS info to gNB, gNB can configure to avoid different QoS flows associated with different carrier(s) are mapped into same SLRB, thus it can be considered as straightforward that the carrier information associated with each QoS flow should be reported to gNB, to assistant the configuration for SLRB.
Proposal 3:  For CONNECTED case, carrier(s) associated with each QoS flow should be reported to gNB.

2.2
Backward compatibility
For backward compatibility for SL CA, in RAN2#123 meeting [3], following agreements were reached:
	Agreements on TX profile extension for SL CA

1:
When the upper layer provides multiple carriers in service to carrier mapping information to AS, we need TX profile extension to inform whether the transmisson corresponding the service is backward compatibile or not. If backward compatible is needed, only legacy carrier is used for transmission when PDCP duplication is not used. If PDCP duplication is used, at least legacy carrier is used. FFS whether to use PDCP duplication or not is up to UE implementation.


Regarding the FFS whether to use PDCP duplication or not is up to UE implementation. In fact, in RAN2#122 meeting [4], it was agreed that SLRB configures whether PDCP duplication is used or not.
	Agreement on criterion for packet duplication

1: SLRB configures whether PDCP duplication is used or not


However, as we discussed in section 2.1, for IDLE/IACTIVE/OOC, the NW may have no information on what carrier(s) is used for SRLB. If only one carrier is used as finally for the SLRB while the NW configures PDCP duplication for this SLRB, then wrong configuration will happen.
Observation 7:  For IDLE/INACTIVE/OOC, the NW may provide wrong configuration for PDCP duplication as the NW does not know what carrier(s) is used for SLRB finally.
Therefore, it is suggested that it is up to UE to decide whether to use PDCP duplication based on reliability for corresponding SLRB.
Proposal 4:  It is up to UE to decide whether to use PDCP duplication based on reliability for corresponding SLRB.

Furthermore, in section 2.1, it is clarified that AS layer can rely on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU, with upper layer indicates carrier(s) to AS layer per QoS flow, which means that the SL CA can be handled in per SLRB/LCH manner in nature.
Observation 8:  In Rel-18, SL CA can be handled in per SLRB/LCH manner in nature.
Therefore, similar to that upper layer indicates carrier(s) per QoS flow to distinguish different services requirements. Regarding TX profile for SL CA, the TX profile is used to indicates the service transmission is backward compatible or not, and in order to distinguish different services backward requirements, it is suggested that upper layer indicates TX profile for SL CA via per QoS flow manner.

Proposal 5:  To distinguish different services backward requirements, it is suggested that upper layer indicates TX profile for SL CA via per QoS flow manner, similar to the mapping of QoS flow(s) to carrier(s).

2.3
Security issue for PDCP duplication

For NR SL, LSB 5bits of LCID is used as the BEARER parameters in the ciphering and deciphering function, as well as in the integrity protection and verification function. In case of PDCP duplication, one PDCP entity can be associated with multiple LCHs (at least two for current release) and each LCH is associated with one LCID assigned by UE itself. To enable correct security protection for PDCP duplication, same LCID should be used for both TX PDCP entity and RX PDCP entity.
Observation 9:  For PDCP duplication, each PDCP entity can be associated with multiple LCIDs.
Observation 10: To enable correct security protection for PDCP duplication, same LCID should be used for both TX PDCP entity and RX PDCP entity.
Therefore, it shall be clarified which LCID is used for PDCP security protection purpose for the corresponding PDCP entity when PDCP duplication is used. In our thinking, a simple way is to use the smallest LCID among all LCIDs associated with PDCP entity in security handling for PDCP duplication. 
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Figure. 4 LCID in security handling for PDCP duplication
Proposal 6:  RAN2 to specify that the smallest LCID among all LCIDs associated with PDCP entity is used in security handling for PDCP duplication.
2.4
PDCP duplication for PC5-RRC

2.4.1 Carrier(s) for PC5-RRC
Currently the upper layer indicates the carrier(s) for PC5-S message sent for unicast link establishment and the carrier(s) for each QoS flow to AS layer. However, what carrier(s) used for PC5-RRC message is unknown. Furthermore, it was agreed that PDCP duplication can be used for PC5-RRC, then the carrier(s) for PC5-RRC message should be decided in order that they can be correctly handled in SL LCP. In our understanding, the carrier(s) for PC5-RRC message should depends on the carrier(s) for the specific QoS flows, whereas the carrier(s) for PC5-RRC message is decided on the actual service transmission carrier requirements. To be more specific, the carrier(s) for PC5-RRC message should be the carrier union set among the carrier(s) for all QoS flows.
Proposal 7:  The carrier(s) for PC5-RRC message should be the carrier union set among the carrier(s) for all QoS flows.
2.4.2 Timing to start PDCP duplication
In RAN2#122 meeting [4], regarding PDCP duplication/SL CA for SL SRB, one working assumption was agreed with a FFS left.

	Agreement on PDCP duplication/SL CA for SL SRB

1:
Working assumption: SL CA/PDCP duplication is applied to PC5-RRC after SL link is established. FFS on exact time when it can be started.


In our thinking, for unicast, TX UE and RX UE can exchange PDCP duplication/SL CA capability after SL link is established. Thus TX UE can decide whether to apply SL CA/PDCP duplication for the corresponding unicast connection. Furthermore, when the TX UE decided to apply SL CA/PDCP duplication for the corresponding unicast connection, TX UE should configure SL CA/PDCP duplication to RX UE via PC5-RRC. When such configuration for SL CA/PDCP duplication is completed, both TX UE and RX UE should start the SL CA/PDCP duplication for the unicast connection.

Proposal 8:  RAN2 confirms that SL CA/PDCP duplication is applied to PC5-RRC after SL link is established.
Proposal 9:  PDCP duplication/SL CA for SL SRB is configured via PC5-RRC.
Proposal 10:  Both TX UE and RX UE should start SL CA/PDCP duplication for the unicast connection when the configuration for SL CA/PDCP duplication is completed.
2.5
CSI reporting
In Rel-16, the Sidelink Channel State Information (SL-CSI) reporting procedure is introduced for a UE to provide its peer UE with sidelink channel state information. In details, the sidelink CSI Reporting MAC CE consists of Channel Quality Indicator (CQI) and Rank Indicator (RI), whereas the CQI and RI are always reported together.
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Figure. 5 Sidelink CSI Reporting MAC CE 
Different from single carrier operation in Rel-16, when multi-carrier operation is introduced for NR SL, RX UE may transmit SL CSI of carrier#1 via carrier#2 to TX UE, in such case, the TX UE may have a misunderstanding for SL CSI of carrier#2, i.e. the TX UE may regard SL CSI of carrier#1 as the SL CSI of carrier#2 and naturally such misunderstanding for SL CSI may degrade SL transmission performance.
In RAN2#123 meeting [3], it was confirmed that not to pursue CSI reporting enhancement for SL CA in Rel-18 according to the WID. In our understanding, stage-3 implementation is still needed to not allow UE performing cross carrier CSI reporting, i.e., it is needed to introduce LCP restriction for Sidelink CSI Reporting MAC CE, that the Sidelink CSI Reporting MAC CE of certain carrier can only be transmitted in corresponding carrier. Otherwise, the TX UE can misunderstand the SL CSI info contains in SL CSI reporting MAC CE.
Proposal 11:  To avoid misunderstanding of SL CSI in multiple-carrier reporting, LCP restriction for Sidelink CSI Reporting MAC CE should be introduced, i.e. the Sidelink CSI Reporting MAC CE of one carrier can only be transmitted in the same carrier.
2.6
SL RLF

In RAN2#122 meeting [4], DTX based SL RLF in SL CA was discussed and the following agreements are reached.
Agreement on DTX based SL RLF in SL CA

1:
The counting is calculated per carrier.

2:
Legacy SL RLF is not declared when the counting is reached to sl-MaxnumConsecutiveDTX) for carrier(s) and the UE has other available SL carrier(s) for SL CA.
Based on the agreements above, when the counting is reached to sl-MaxnumConsecutiveDTX for a carrier, “SL RLF” may be declared for this carrier alone. Only when counting is reached to sl-MaxnumConsecutiveDTX for all carrier(s), the legacy SL RLF is declared. If DTX counting is reached to sl-MaxnumConsecutiveDTX only for some carrier(s), these carrier(s) are regarded as “SL RLF” though the unicast connection is maintained. Those carrier(s) with “SL RLF” have link problem and should not be used. Thus, if “SL RLF” is declared for a carrier, this carrier should be removed/released to avoid data loss transmitted via this carrier. In RRC_IDLE/INACTIVE state, the UE can remove/release the carrier(s) with “SL RLF” itself and informs the peer UE the removed/released carrier(s), so that the peer UE won't use these carrier(s) either. In RRC_CONNECTED state, the UE can inform the gNB which carrier(s) are having “SL RLF” and let the gNB release these carrier(s). Furthermore, the events which lead to per carrier “SL RLF” should include not only DTX, but also other events e.g., the maximum number of RLC retransmissions has been reached for a carrier.
Proposal 12: Per carrier “SL RLF” is introduced. If “SL RLF” is declared for a carrier, the carrier should be removed/released.
2.7
Mode 2 operation

In current objective [1], only mode 2 operation is supported for SL CA. Considering the UE can also perform NR SL transmission in mode 1, we need to discuss how to ensure SL CA to be supported only in mode 2. There maybe two alternative solutions, one solution is the gNB still configure Tx UE that capable of SL CA in mode 1 but only schedules or configures single carrier resources to the Tx UE. Another solution is the gNB configure the Tx UE that capable of SL CA in mode 2, then the Tx UE can obtain multiple carrier resources to enable SL CA operations. In a word, it can be up to gNB implementation to ensure SL CA is only operated in mode 2. Actually, we observe the "CA in mode 2 only" limitation in WID is not based on technical consideration but to limit the study scope and we thus propose not to work on a specific solution for this purpose. 
Proposal 13:  It is up to gNB implementation to ensure SL CA is only operated in mode 2, i.e., it is up to gNB to configure UE in mode 1 to perform single carrier operation or to configure UE in mode 2 to perform multiple carrier operation.

2.8
Other issues
For other issues which are not in RAN2 scope, e.g. synchronization of aggregated carriers, power control for simultaneous sidelink TX, it should be first discussed by RAN1.
Proposal 14:  RAN2 to wait for more progress from RAN1 on issues which are not in RAN2 scope, e.g., synchronization of aggregated carriers, power control for simultaneous sidelink TX.
3
Conclusion

In this contribution, we discuss some RAN2 specific issues for SL CA, and provide corresponding observations and proposals:
QoS flow to carrier mapping
Observation 1:  With solution#1 above, communication may be suspended or SL CA can’t be applied. 
Proposal 1:  To adopt solution#2, i.e. AS layer relies on LCP restriction to ensure the correct carrier(s) are used for one MAC PDU.
Observation 2:  In current specs for one pair of SRC ID and DST ID, only one SLRB will be established according to one SLRB configuration. 

Observation 3:  The carrier(s) for one SLRB should be the carrier(s) that are common among all QoS flow(s) mapped into this SLRB. 
Observation 4:  SL CA maybe not applied for one SLRB, if only one single frequency is common among all QoS flow(s) mapped into this SLRB. 
Observation 5:  In current spec, the SLRB establishment is triggered by new QoS flow to be included in the SLRB configuration. 

Observation 6:  All QoS flows can obtain the benefit of SL CA if multiple SLRBs can be established according to one SLRB configuration for one pair of SRC ID and DST ID.
Proposal 2:  It is suggested to adopt option#2 for IDLE/INACTIVE/OOC case:

· Option#1: carrier(s) for SLRB are the carrier(s) that are common among all QoS flow mapped into the SLRB.
· Option#2: N SLRBs will be established if there is N QoS flows associated with different carrier(s) that are mapped into same SLRB configuration, for one pair of SRC ID and DST ID.
Proposal 3:  For CONNECTED case, carrier(s) associated with each QoS flow should be reported to gNB.
Backward compatibility
Observation 7:  For IDLE/INACTIVE/OOC, the NW may provide wrong configuration for PDCP duplication as the NW does not know what carrier(s) is used for SLRB finally.
Proposal 4:  It is up to UE to decide whether to use PDCP duplication based on reliability for corresponding SLRB.

Observation 8:  In Rel-18, SL CA can be handled in per SLRB/LCH manner in nature.
Proposal 5:  To distinguish different services backward requirements, it is suggested that upper layer indicates TX profile for SL CA via per QoS flow manner, similar to the mapping of QoS flow(s) to carrier(s).

Security issue for PDCP duplication
Observation 9:  For PDCP duplication, each PDCP entity can be associated with multiple LCIDs.
Observation 10: To enable correct security protection for PDCP duplication, same LCID should be used for both TX PDCP entity and RX PDCP entity.
Proposal 6:  RAN2 to specify that the smallest LCID among all LCIDs associated with PDCP entity is used in security handling for PDCP duplication.
PDCP duplication for PC5-RRC
Proposal 7:  The carrier(s) for PC5-RRC message should be the carrier union set among the carrier(s) for all QoS flows.
Proposal 8:  RAN2 confirms that SL CA/PDCP duplication is applied to PC5-RRC after SL link is established.
Proposal 9:  PDCP duplication/SL CA for SL SRB is configured via PC5-RRC.
Proposal 10:  Both TX UE and RX UE should start SL CA/PDCP duplication for the unicast connection when the configuration for SL CA/PDCP duplication is completed.
CSI reporting
Proposal 11:  To avoid misunderstanding of SL CSI in multiple-carrier reporting, LCP restriction for Sidelink CSI Reporting MAC CE should be introduced, i.e. the Sidelink CSI Reporting MAC CE of one carrier can only be transmitted in the same carrier.
SL RLF
Proposal 12: Per carrier “SL RLF” is introduced. If “SL RLF” is declared for a carrier, the carrier should be removed/released.
Mode 2 operation
Proposal 13:  It is up to gNB implementation to ensure SL CA is only operated in mode 2, i.e., it is up to gNB to configure UE in mode 1 to perform single carrier operation or to configure UE in mode 2 to perform multiple carrier operation.

Other issues
Proposal 14:  RAN2 to wait for more progress from RAN1 on issues which are not in RAN2 scope, e.g., synchronization of aggregated carriers, power control for simultaneous sidelink TX.
4
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